Objective: To evaluate impact of simple interventions on neonatal mortality in a low-resource teaching hospital in India.
Introduction
It has been estimated that 3.9 of 126 million neonates born each year die before completing their first 28 days of life. 1 A staggering 99% of these neonatal deaths occur in low-income countries. 2 The global community has committed itself to a two-thirds reduction in under-5 child mortality between 1990 and 2015 as the fourth Millennium Development Goal (MDG-4). 3 As almost 40% of these deaths occur among neonates, a substantial reduction in neonatal mortality rate (NMR) is a prerequisite to attain MDG-4. 2 Lancet Neonatal Survival Team has reported that a variety of packages of simple cost-effective interventions delivered as family community and outreach services can result in a significant reduction in NMRs. 4 However, for maximum gains, simultaneous expansion of quality clinical care for newborn babies and their mothers is essential. 5 The impediments identified in provision of clinical care include: lack of skilled personnel, poor quality and delayed use of services, poor compliance with treatment and affordability barriers for the economically weak people. 3 Although the need to improve the quality and scaling up of clinical care has been identified, the task has been perceived as challenging, costly and time-consuming. 3 Care of sick neonates in public hospitals in developing countries is characterized by poor quality, and high costs to the clients. There is a paucity of sustainable and replicable models of clinical care for neonates. We share here our experience of strengthening newborn care services by simple, low-cost, low-technology interventions at a teaching hospital with limited resources that led to impressive decline in neonatal mortality.
Materials and methods
The study neonatal unit (NU) catered to neonates born within the obstetric teaching hospital. This hospital provided referral obstetrics services with about 12 000 neonates born each year. Of them, around 12-15% required admission in NU. The NU had a floor area of 2000 ft 2 . Usually, the average census exceeded the 'official' bed strength of 25. The clients of the services included mainly poor classes. Parents had to pay for the laboratory investigations and drugs.
There was a severe shortage of manpower and equipment in NU. The manpower included one faculty member, four MD trainee doctors, one nurse manager, 10 staff nurses and four helpers. The staff nurses were part of the hospital pool; one-third of them got rotated every 6 months. Trainee doctors also had monthly rotation. The functioning equipment in the unit included 12 baby-cots (without any in-built warmer), only one servo-controlled radiant warmer, six phototherapy units, three infusion pumps and one pulse oximeter. There was a single ventilator and three indigenous machines for delivery of continuous positive airway pressure (CPAP), all of which were usually non-functional during the study period.
In addition to high neonatal mortality, many parents took their neonate from the NU before actual completion of treatment (left against medical advice (LAMA)).
Prevailing practices
There was a plethora of 'routine' practices namely oil massage at birth to remove vernix, stomach wash after birth to prevent vomiting, and passage of a catheter into stomach to check patency of esophagus. Indications for admission in NU were arbitrary. NU stay longer than 4-6 h was taken as an indication of administering antibiotics and intravenous (i.v.) fluids. The stomach was aspirated and volume of aspirate was measured before each feed. Routine administration of i.v. immunoglobulins for prevention of sepsis in preterm neonates, and of plasma to 'improve' nutrition of sick neonates was a commonplace. The health-care providers (HCPs) complied poorly with hand-washing and asepsis routines. There were no clinical management protocols; involvement of mothers in care of their sick neonates was minimal. There was no ongoing training for the nurses.
Two time periods were defined -intervention period (January 2005-August 2005) and for comparison -the control period (January 2004-August 2004). All-cause NMR was taken as primary measure. Secondary measure were LAMA rate, rate of either death or LAMA, cause-specific NMR, birth-weight-specific survival, rates of antibiotics and newer antibiotics use and length of NU stay.
A single predominant cause of neonatal death was identified based on clinical course in meetings of trainee doctors, and the faculty and the deaths were classified in one of five categories. The length of NU stay was calculated in completed days. Neonates requiring readmission after initial transfer out were considered as new admissions. The 'newer antibiotics' were defined as fourth-generation cephalosporins, carbepenams, quinolones or combinations of various penicillinase inhibitors with one of cephalosporins or penicillins.
Interventions
A series of meetings with nurses and resident doctors were held to identify key problems and to find feasible solutions through consensus. during the control period were abandoned. Investigations were reduced to a bare minimum. In general, a philosophy of 'interventions only if essentially indicated' was adopted. 4. Asepsis routines: The existing taps were upgraded to ones with elbow operation. Importance of hand-washing was explained to all the HCPs. Additional facility for hand disinfection by alcohol rub was provided. Meticulous asepsis during venepuncture, cannulation and during procedures was stressed. The disposable i.v. sets were changed after every 48 h. The emphasis was placed on overall cleanliness of the unit. No 'routine' fumigation was carried out. 5. Aggressive promotion of enteral nutrition: I.v. fluids were started only if indicated owing to either sickness or on being very small. All stable neonates above 1200 g or above 29 weeks were started on enteral feeds only. Minimal enteral nutrition was initiated in sick neonates once reasonably stable. Thereafter enteral feeds were advanced rapidly (up to 30 ml/kg/day in neonates below 1500 g and 40 to 60 ml/kg in bigger neonates). I.v. fluids were discontinued once the neonate received two-thirds of total fluid requirement by enteral route. 6. Rational antibiotic therapy: Antibiotics were used on stricter indications. The practice of prophylactic antibiotics was abandoned. A policy on antibiotics use was formulated based on concurrent blood culture data. Antibiotics were stopped early if started on dubious grounds. Use of newer antibiotics was restricted to desperate situations, at the discretion of faculty only. 7. Training of nurses: Nurses in groups of two each were trained on-job on common neonatal practices. 6 The approximate duration of training was 4 h/group. An environment of mutual respect, positive reinforcement and team spirit was actively promoted. Nurses were involved in decision-making on patient-related and administrative issues. 8. Protocol-based management: Published protocols for common neonatal disorders were followed. 7 9. Others: Protocol for screening and management of retinopathy of prematurity (ROP) was instituted. 8 Use of indigenous CPAP using pure oxygen was continued as in control period.
Statistical analysis
Data on all relevant variables were collected prospectively during intervention period. Data on births, admissions, NU stay, antibiotics use and outcome were retrieved from the existing records of the NU. Data were analyzed using EPI info version 6 software. The categorical data were compared using w 2 test and continuous variable were compared using two-tailed t-test. Relative risk (RR) and 95% confidence interval (CI) was calculated. A 5% significance level was taken.
Results
The profile of neonates born during two time periods was comparable (Table 1) .
There was over 30% decline in NMR during intervention period as compared to control period (20.3 versus 29.3 per thousand live births; RR 0.69, 95% CI 0.57-0.85) ( Table 2) . A significant reduction was observed in LAMA rate also. The rate of either death or LAMA reduced by 42% during intervention period (23.9 versus 41.0 per thousand live births; RR 0.58, 95% CI 0.49-0.70). The impact of interventions was evident early and remained sustained during the course of intervention (Figure 1 ). There was a significant improvement in survival of neonates with birth weight 1000-1499 g (56.7 versus 24.5%, P<0.01), but not of those with birth weight below 1000 g ( Table 2 ). Most significant decline occurred in sepsis-related deaths (Table 3 ). There was no significant change in other categories of death. There was a dramatic decline in use of antibiotics (635/878, 72.3% versus 299/897, 23.2% P ¼ 0.00) and newer antibiotics were rarely used. NU stay was decreased by 1.5 days (P ¼ 0.05).
The principal morbidities during intervention period included: total sepsis (with or without positive blood culture) -156 (1.9%), culture positive sepsis -42 (0.5%), significant asphyxia (Apgar <4 at 5 min) -106 (1.3%), jaundice requiring phototherapy or blood exchange transfusion -42 (0.5%), symptomatic hypoglycemia -16 (0.2%), symptomatic hypocalcaemia -4 (0.1%) and symptomatic polycythemia -6 (0.1%). Necrotizing enterocolitis (NEC) Xstage 2 occurred in two neonates. One hundred and eight (1.4%) neonates were screened for ROP. Significant ROP (Xstage 3) was present in six neonates. Laser photocoagulation was carried out in five neonates. Exclusive breastfeeding at discharge among admitted neonates was present in 68% neonates.
Constraints in implementation included uneven quality of care despite best efforts owing to the rotation of residents and nurses. Optimum thermal protection in neonates below 1500 g and respiratory support of sick neonates could not be optimally achieved owing to the lack of adequate equipment.
Discussion
The present study has highly valuable lessons for operationalizing clinical care of sick neonates in low-resource settings. Firstly, it demonstrated that simple, low-cost and low-technology interventions can result in an impressive decline in neonatal mortality. Secondly, the impact of the interventions was rather quick. Thirdly, the interventions were mainly aimed at reducing unnecessary interventions. Fourthly, the model worked within the existing constraints of the health system and practically without any investment in infrastructural strengthening or in training or addition of staff.
The study showed significant decline in NMR following institution of a package of simple interventions. In addition to reduction in deaths, the LAMA rate also declined remarkably. The common reasons of LAMA included the neonates perceived by either parents or the HCPs to be sick enough to survive, or parents being unable to afford the cost of treatment. Rarely the parents wanted to shift their sick neonates to some other hospital with better facilities (unpublished data). Often LAMA neonates were in their terminal stage of illness with a very high likelihood to die. Therefore, the impact of the package could effectively be measured by the rate of death and/or LAMA only. This study demonstrated that there was a reduction of 42% in the rate of either death or LAMA during intervention period.
We identified a couple of key problems during control period, namely a large patient load, overworked staff and many unnecessary routines in a hospital setting with severe crunch of manpower and equipment. We felt all these contributed to Simple intervention can decrease neonatal mortality significantly R Agarwal et al prevailing high rate of nosocomial infection. We abandoned many unnecessary routines and practices, adhered to basic tenets of asepsis and involved mothers in care of their sick neonates. In addition, we strictly adhered to the principle of minimum interventions. The rational admissions and reduced stay of neonates resulted in reduction in overcrowding in NU. These interventions resulted in reduced workload of the HCPs who could focus better on sicker neonates. In addition, HCPs could adhere to asepsis routines more effectively. The reduced handling of neonates also helped in breaking transmission chain of nosocomial infections. Reduction in sepsis deaths was the major contribution of the significant decline in overall NMR. We think that improved survival of moderately low birth weight babies was also a result of decreased sepsis among them. Unfortunately, we do not have systematic data on incidence of sepsis during control period, but we speculate that reduction in sepsis death were primarily because of reduced incidence of sepsis. As opposed to a reduction in mortality secondary to sepsis, there was no reduction during the intervention period from asphyxial deaths. This emphasizes the need to focus on resuscitation practices as the next subject for intervention so as to facilitate a further reduction in neonatal mortality.
One of the distinct findings of this study was that effect of intervention on mortality was evident quite early and remained sustained during intervention period (Figure 1) . The possible reason, at least in part, could be simple nature of interventions, which were implementable rather quickly. However, this phenomenon was present in other studies also. 9, 10 Similar fluctuations in the mortality rate was possibly because of the variation in the number of births with more births taking place during months of June to December compared to remaining months.
In a comprehensive review of community-and facility-based data, neonatal sepsis as a proportion of all deaths in neonatal period ranged from 4 to 56%.
11 Neonatal sepsis as a cause of death in all neonates ranged from 25 to 71% in recent hospital-based studies in India, and 16 to 55% in a survey of Kenyan first referral level hospitals. [12] [13] [14] Reduced sepsis deaths resulting in a significant decline in NMR in clinical-care setting was shown in a couple of previous studies in limited-resource settings. In a tertiary hospital in India, decongestion of nursery, meticulous adherence to asepsis routines, abandoning use of stock solution, use of i.v. canula in place of scalp vein set and breastfeeding resulted in significant decline in sepsis deaths. 9 In another study from India, a significant Simple intervention can decrease neonatal mortality significantlyreduction in NMR (from 83 to 43 per thousand live births) mainly attributed to reduced sepsis deaths was reported with simple interventions and by involvement of mothers. 15 In a study from Bangladesh, simple low-cost, low-technology infection control program resulted in substantial reduction in sepsis deaths in preterm babies. 10 A simple package of infection-control interventions, including use of alcohol rub for hand hygiene, and rational antibiotics use resulted in 50% reduction in all-cause and sepsis-related NMR in the Phillipines. 16 The present study is also consistent with the previous studies. Risk factors of sepsis are amenable to low-cost, low-technology interventions. 17 In view of sepsis being a major cause of death in neonatal period and amenable to simple interventions, incorporation of these principles in neonatal care model in limited-resource hospital settings carries a potential of a significant immediate gain in neonatal survival.
A recent study conducted in eastern India demonstrated a decline in NMR of the served district by creating a facility-based care and extensive training of referring doctors at primary and secondary levels. 18 This model involved a significant investment in infrastructure and training. Unfortunately, we did not assess the cost analysis of the present model. We converted taps from hand-operated to ones with elbow operation and provided facility for alcohol rub for hand hygiene. Apart from this, we did not invest anything in infrastructure. Training of HCPs was in-house and did not entail any extra cost. The strength of the present study is that this model did not involve any expenditure in infrastructure or training or in additional staffing. It can be implemented within the existing constraints of the health system for immediate gains.
We involved mothers to share the care responsibilities of their neonates successfully in an SCA to decrease work load on HCPs. Successful involvement of mothers for care of their very low birth weight neonates (<1500 g) and resulting into reduced length of hospital stay and reduced sepsis rate was also reported from Pakistan. 19 Excellent survival of small and sick neonates by involving mothers in resource-poor subdistrict hospital was reported from India. 20 Involvement of mothers in care of sick and small neonates can therefore help addressing the crunch of manpower in resource-poor settings.
We minimized all the interventions including antibiotics and other high-cost drugs. The antibiotics usage was just one-third of the control period. There was a decrease in NU stay of neonates. All this put together were likely to result in significant cost-saving form the existing level. However, there is a need to conduct a study on costing of such model.
Limitation of the present study is that data for control period was collected retrospectively. The NU had a good record keeping on admission, discharge and mortality, but lacked adequate information on morbidities.
In conclusion, the study implies that a quick decline in neonatal mortality in hospital setting with limited resources is achievable by simple, low-cost, low-technology interventions. This model is likely to work in hospital settings with high NMR with a major contribution by sepsis deaths. This model also carries a potential of reducing the high cost of care of sick neonates occurring at present. This study provides important insights into developing a cost-effective facility-based model for care of sick neonates. Simple intervention can decrease neonatal mortality significantly R Agarwal et al
